Evolution of FOXRED1, an FAD-dependent oxidoreductase necessary for NADH:ubiquinone oxidoreductase (Complex I) assembly.
Complex I (NADH:ubiquinone oxidoreductase) is the major entry point for electrons into the respiratory chains of bacteria and mitochondria. Mammalian complex I is composed of 45 subunits and harbors FMN and iron-sulfur cluster cofactors. A heterogeneous disease profile is associated with complex I deficiency. In a large fraction of complex I deficiencies, the primary defect is not in any of the genes encoding a subunit. The proper assembly and function of complex I require the participation of at least 12 assembly factors or chaperones. FOXRED1 encodes a complex I-specific assembly factor and mutations in this gene result in complex I deficiency, infantile onset encephalomyopathy and Leigh syndrome. The human FOXRED1 protein is a mitochondria-targeted 486-amino acid FAD-dependent oxidoreductase. It is most closely related to N-methyl amino acid dehydrogenases. FOXRED1 orthologs are present in archaea, bacteria and eukaryotes. Fungal FOXRED1 orthologs were likely acquired from alphaproteobacteria by horizontal gene transfer. The phylogenetic profile of FOXRED1 orthologs does not parallel the phylogenetic profile of complex I, strongly suggesting that, at least in some organisms, FOXRED1 has a function unrelated to complex I. The only large clade where all members investigated contain both FOXRED1 and complex I is the metazoans. Some bacterial FOXRED1 genes are present in metabolic operons related to amino acid metabolism. FOXRED1 phylogenetic distribution and gene organization suggest a metabolic role for FOXRED1 in complex I biogenesis should be considered.